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Calibration verification 
 
Three HRSST buoys whose initial calibration was 
determined precisely at manufacture time were recovered. 
Two absolute references (triple point of water 273.16 K, or 
0.01°C, at P=0.006 atm; and a fusion point of Galium 
302.91 K or 29.76°C) are used to calibrate a reference 
probe, which continuously monitors the temperature of a 
800-l seawater bath. When the bath temperature is stable, 
the 3 probes (immersed close to the reference) are 
interrogated, and reference probe thermistance is read 
repeatedly for about one minute. This is repeated for 7 
temperatures (2, 7, 12, 17, 22, 27, 32°C). Then a least-
squares fit determines the Steinhart-Hart coefficients to 
invert the thermistor signal: 1/T = a + b * ln(R) + c * ln3(R) 
where T is temperature (K), R is thermistor resistance (Ω). 
Paul Poli (EUMETNET and Météo-France) paul.poli@shom.fr 
Abstract    Between 2012 and 2015, the EIG EUMETNET Operational Service for surface marine observations (E-SURFMAR) 
and European partners funded and deployed drifting buoys equipped to measure High Resolution Sea Surface Temperature. The HRSST 
referred to three major improvements as compared to standard practices at the time. First, the positioning accuracy was increased, thanks 
to GPS instead of Argos. Second, the temperature was transmitted and reported at higher resolution, 0.01 K instead of 0.1 K. Third, each 
buoy used an individually calibrated temperature probe, instead of one picked from a batch calibration. Note the first two improvements 
(but not the third) are now standard on most drifting buoys. In addition, some of these buoys were also fitted with two digital probes, one 
in the buoy hull around 17 cm depth, and another located around 45 cm depth (as part of a conductivity and temperature sensor). This 
configuration, with two accurate sensors, offered near-optimal horizontal and temporal collocation. The data records from the two 
sensors, located at different depths, were revisited with the help of reanalysis products as a proxy for the sea-state. The differences 
between the two sensors can be reduced from 0.21 K RMS to 0.06 K RMS after retaining only the situations that likely correspond to well-
mixed SST. Accounting for individual buoy biases, the differences are further reduced to 0.02 K RMS. This would tend to suggest a strong 
relationship of the relevance of SST measurement with depth and sea-state, and the importance of these factors when using in situ SST 
data for climate monitoring. Another result concerns potentially the temporal stability of buoy SST data. The HRSST buoys were first 
calibrated individually in certified laboratories. Three buoys were recovered and the temperature sensors were brought back to a certified 
laboratory in 2016. Comparing the initial laboratory results with those of 2016, a temporal drift of about 0.01K/year is found for each of 
the three buoys. These results from so few buoys cannot be claimed to be significant. However, if confirmed, these results would have 
applications on the use of in situ SST buoy data as a reference, without any temporal drift correction, for the calibration and validation of 
satellite data and to monitor the climate. 
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Figure 3: Sketch of a SVP-B drifter  
(Drawing courtesy of metOcean Telematics, drawn by Paul 
Jakobsen; Text added by Paul Poli) 
Revisiting the data record of High Resolution Sea 
Surface Temperature drifting buoys: possible 
implications for climate monitoring 
Sustainability 
aspects 
 
• Buoy position unknown 
once the buoy stops 
working: how to recover at 
end-of-life? 
• Leads for improvement: 
recycling instructions, 
network of authorized 
recyclers? 
General SVP 
characteristics 
 
• Designed to follow ocean 
surface currents 
• Retain their drogue for 
only part of the lifetime 
• Few parameters 
measured 
• Disposable concept 
• To guarantee data return: 
limited lifetime 
Parameters 
Always: 
• Sea-surface temperature 
• Air pressure 
• Trajectories (to infer Lagrangian 
currents) 
 
Less frequent: 
• Sea-surface salinity 
• Wind (speed, direction, gust) 
• Sub-surface temperature 
 
Specialized drifters: 
• Waves 
Figure 1: Drifting buoy SVP-BS, equipped with a digital SST sensor 
fitted in the hull, and an additional Conductivity Temperature (CT) 
sensor underneath (Source: Pierre Blouch) 
Figure 2: Trajectories of 
SVP-BS drifting buoys 
that collected data used 
in this study 
SST hull sensor 
(~17 cm depth) 
CT sensor  
(~45 cm depth) 
1. Identify the original data records 
 
Identify SVP-BS drifters marked ‘-2.0’ in the GHRSST log 
ftp://esurfmar.meteo.fr/pub/pb/ghrsst/ghrsst_buoys.xls 
This yields 19 drifters (one deployed twice), covering the time period 
2012/02—2016/02. 
 
2. Reprocess the raw data record 
 
Idirium Short-Burst Data (SBD) binary messages, described at 
http://esurfmar.meteo.fr/doc/o/db/others/DB_Iridium_ 
formats.pdf 
Decode using open-source decompression software 
http://esurfmar.meteo.fr/doc/soft/MAWSbin/ 
 
3. Bring in reanalysis data 
Feature ERA-Interim ERA5 
Horizontal resolution  T255 (~79 km) T639 (~31 km) 
Temporal resolution of 
analysis fields 
6-hour 1-hour 
Number of levels in the 
vertical 
60 137 
IFS cycle (year) cy31r2 (2006) cy41r2 (2016) 
Background errors for 
4D-Var analysis 
As in deterministic 
4D-Var 
From a 10-member 
ensemble 
4. Collocate to create offline observation feedback 
 
Reanalysis data are interpolated to the locations of the observations. 
Nearest estimate in time is used (no temporal interpolation) 
Same approach as described here 
https://www.ecmwf.int/en/elibrary/13473-observational-feedback-
what-reanalysis-tells-us-about-quality-observations 
 
Use ECMWF ecCodes software to read the reanalysis GRIB data 
 
Extract several parameters (multivariate reanalysis) for the 
atmosphere and the waves, and append alongside the original data. 
 
5. Explore and analyze offline observation feedback 
Use ECMWF ODB API software to encode and query data with SQL 
 
odb sql –q ‘select avg(sst1-sst0), stdev(sst1-sst@ei), rms(sst1-sst@ea) 
where solar_elevation<-5’  –i  mydata_interpolated.odb 
Aggregation function 
Hull SST CT SST ERA-Interim SST ERA5 SST 
Retain only night-time Legend 
Results 
Observation  
data only 
Night-
time 
Day-
time 
CT measurement (deeper) 
consistently warmer than 
Hull measurement at night 
ERA-Interim wind &wave 
data only 
ERA5 wind & wave 
data only 
SST Differences (Hull – CT) 
vs. Significant wave height 
ERA-Interim ERA5 
15,618 comparisons  
when SWH>3 m 
 
RMS diff. = 0.07 K 
 
RMS residual  
difference = 0.04K 
15,254 comparisons  
when SWH>3 m 
 
RMS diff. = 0.06 K 
 
RMS residual  
difference = 0.02K 
RMS (Obs-ERA) ERA-Interim ERA5 
Obs = Hull SST 0,44 K 0,31 K 
Obs= CT SST 0,44 K 0,32 K 
RMS (Obs-ERA) ERA-Interim ERA5 
Obs = Hull SST 0,55 K 0,48 K 
Obs= CT SST 0,56 K 0,50 K 
SWH>3m (well-mixed; around 15k cases) SWH<=3m (small waves; around 71k cases) 
Notes: 
• ERA5 uses OSTIA SST 1 day 
earlier than ERA-Interim. 
• Seems likely that OSTIA used 
Hull SST (not CT SST). And 
possibly over-fitted it.  
Figure 4: Trajectories 
of 3 HRSST SVP-B 
drifting buoys that 
were recovered, and 
plunged in a 800-l 
seawater bath for 
calibration verification 
(SHOM metrology lab) 
Probe 
no. 
Date ref1 Tmeasured1 
- Tref1 (K) 
Verification 
(ref2) by 
Date ref2 Tmeasured2 
- Tref2 (K) 
Number of 
days elapsed 
since ref1 
Temporal drift since ref1 
10034 02/10/2012 -0.010 MF/SHOM 23/09/2016 -0.063 1452 -0.013 K/year 
10051 16/10/2012 -0.006 MF/SHOM 23/09/2016 -0.055 1438 -0.012 K/year 
10067 01/09/2012 +0.031 MF/SHOM 23/09/2016 -0.007 1483 -0.009 K/year 
Table 1: Preliminary results of 3 HRSST buoy calibrations, pre- and post-mission 
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